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ABSTRACT 

Most wild po ta to  germplasm in genebanks  is col- 

lected,  preserved,  and evalua ted  as bo tan ica l  seed popu- 

l a t i ons  t ha t  may be highly he t e rozygous  and  

heterogeneous .  However, some species are selfers  so 

po ten t ia l ly  very homozygous, perhaps  also homoge- 

neous.  In t r apopu la t ion  he te rogene i ty  increases  sam- 

pi ing er ror  tha t  can unde rmine  cons is tency in  seed 

r e g e n e r a t i o n  in  the  genebank ,  s c r een ing  r e su l t s ,  

germplasm collecting, and  es t imates  of  t axonomic  rela- 

t ionships.  Thus, knowledge of genet ic  he te rogene i ty  

(GH) can predict  the  need  to commit  more resources  for 

larger  sample sizes or rep l ica t ion  when popula t ions  of  a 

given species are being regenerated,  evaluated,  col- 

lected,  and classified. This s tudy inves t iga ted  within- 

popula t ion  GH in 32 po ta to  popula t ions  compris ing four  

different  breeding systems observed in  S o l a n u m  species: 

S.  f e n d l e r i  (2n=4x=48,  disomic se l l e r ) ,  S.  j a m e s i i  

(2n=2x=24, outcrosser) ,  S.  s u c r e n s e  (2n=4x=48, te t ra-  

somic ou tc ros se r ) ,  and  S.  v e r r u c o s u m  (2n=2x=24,  

selfer) .  RAPD markers  were used to  es t imate  hetero-  

genei ty  among 24 individuals  per  popula t ion.  Popula-  

t ions  ofS.  v e r r u c o s u m  were quite  homogeneous  with an  

average GH of  6.0%. Similarly low he te rogene i ty  was 

de tec ted  among the  eight popula t ions  of S.  f e n d l e r i  

(average GH=7.1%). In  contras t ,  S.  j a m e s i i  and  S. 

s u c r e n s e  had a much higher GH of 29.4% and  44.1%, 

respectively. These resu l t s  demons t ra te  and quant i fy  

the  great  difference in  in t rapopu la t ion  he te rogene i ty  

among  wild po t a to  species.  Ca lcu la t ions  based  on 

Accepted for publication 25 May 2004. 
ADDITIONAL KEY WORDS: Solanum, genebank, RAPD, germplasm 

in t r apopu la t i on  he te rogene i ty  indica te  tha t  samples  

should be composed of 25 to  30 random plan ts  for low 

sample var ia t ion  tha t  is un i form for all species. 

RESUMEN 

La mayor  par te  de germoplasma de papa si lvestre  

ex i s t en te  en  los bancos de genes  es recolectada,  preser-  

vada y evaluada como poblac iones  de semilla botAnica, 

las mismas que pueden  ser  sumamen te  heterocigotas  y 

he t e rog4neas .  Sin embargo ,  a lgunas  especies  son  

aut6gamas,  y de este  modo po tenc ia lmen te  homocigotas 

y puede  ser  que sean tambi~n  homog~neas. La hetero-  

gene idad  i n t r a p o b l a c i o n a l ,  a u m e n t a  el e r r o r  de 

mues t reo ,  y puede a t e n t a r  con t ra  varios aspectos en t re  

ellos: la consistencia de regeneraci6n de la semilla en el 

banco de genes, los resul tados del tamizado, la recolecci6n 

de germoplasma y los es t imados  de la re lac i6n  tax-  

on6mica.  De es te  modo, el conoc imien to  de la he tero-  

gene idad  gen~tica (GH) puede predeci r  la necesidad de 

mayores  recursos  para  un  tamafio dado de mues t ra  o 

r~pHca, cuando la  poblaci6n de una  especie de t e rminada  

estA s iendo regenerada,  evaluada,  recolectada y clasifi- 

cada. Este  es tudio  invest ig6 den t ro  de la poblaci6n GH, 

32 poblaciones  de papa en cuat ro  s is temas d i ferentes  de 

mejoramiento ,  observados en  especies de S o l a n u m :  S. 

f e n d l e r i  (2n  =4x =48, dis6mico aut6gamo),  S.  j a m e s i i  

(2n= 2x=24, de pol inizaci6n cruzada) ,  S.  s u c r e n s e  (2n= 

ABBREVIATIONS: BP, banded plant (frequency) in a population; fen, 
Solanum fendlerg; GH, genetic heterogeneity, the proportion of het- 
erozygous plants; GS, genetic similarity, the proportion of loci with 
matching band status (banded or blank); jam, Solanum jamesii; RAPD, 
random amplified polymorphic DNA; scr, Solanum sucrense; ver, 
Solanum vo'rucosum 
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4x=48,  t e tras6mico  de po l in izac i6n  cruzada)  y S.  v e r r u -  

c o s u m  (2n=2x=24,  aut6gamo) .  Para es t imar  la hetero-  

gene idad entre  24 ind iv iduos  por poblac i6n  se  ut i l i zaron 

marcadores  RAPD. Las poblac iones  de S.  v e r r u c o s u m  

fueron to ta lmente  homog~neas  con un promedio  GH de 

6.0%. De la m i s m a  manera  se  detect6  una baja hetero-  

gene idad entre  ocho poblac iones  de S.  f e n d l e r i  (prome-  

dio GH = 7.1%). En cambio  So j a m e s i i  y S.  s u c r e n s e  

tuv ieron  un GH mucho  mils  alto, 29.4% y 44.1% respec- 

t ivamente .  Estos  resul tados  demuestran  y cuant i f ican la 

gran diferencia que ex i s te  en  heterogene idad intrapobla- 

c ional  entre las e spec i e s  s i lvestres  de papa.  C~lculos  

basados  en  la h e t e r o g e n e i d a d  de una intrapoblac i6n  

indican que las muestTas deben  estar  c o m p u e s t a s  de  20- 

25 plantas  tomadas  al azar  para mantener  la variaci6n 

que es  uni forme para todas  las especies .  

INTRODUCTION 

The US Potato Genebank (NRSP-6) preserves accessions 

of more than 140 potato species (Bamberg et al. 1996). These 

include a range of different breeding systems and ploidy levels 

(Correll 1962; Hawkes 1990). Most wild potato species are col- 

lected, propagated, preserved, and evaluated as botanical seed, 

so individuals within outcrossing populations could be highly 

heterozygous and heterogeneous. However, some selfmg 

species would tend toward homozygous individuals, perhaps 

also homogeneous populations. 

The genetic structure of a population indicates the allelic 

diversity it contains and dictates the best strategies for 

germplasm conservation and enhancement. For  instance, a 

hypothetical completely homogeneous inbred population has 

the minimum number of alleles per locus (1), so is the most 

efficient subject for germplasm characterization and evaluation, 

since any single plant is a completely representative sample of 

the genetics of the population. Such populations are also at the 

lowest risk for loss of diversity during sexual reproduction, so 

can be efficiently multiplied using fewer resources than het- 

erogeneous populations that contain segregating alleles that 

may be vulnerable to loss (Bamberg and del Rio 2003; del Rio 

and Bamberg 2003). 

RAPDs provide many markers with which to characterize 

genetic structure (Lynch and Milligan 1994), and some previ- 

ous studies have applied these and other markers to study 

variation within potato germplasm populations. Our previous 

research identified Solanum james i i  ( jam) as a highly hetero- 

geneous species (del Rio et al. 1997b), and we also used 

RAPDs to assess the homogeneity of populations of S. poly- 

trichon and S. stoloniferum with high insect resistance as an 

indication of the need for "fine" (genotype-level) screening for 

the selection of parents for breeding (Bamberg et al. 2000). 

Hosaka and Hanneman (1991) used seed protein variation to 

identify S. verrucosum (ver) as one of the most homogeneous 

of numerous potato species they tested. Spooner et al. (1992) 

used isozymes to show that individuals within populations of 

the highly inbreeding species of series Etuberosa are also very 

uniform. Oliver and Zapater (1984) used isozymes to show 

high heterozygosity and heterogeneity within cultivated tetra- 

somic tetraploid potato species. 

This investigation empirically measured within-popula- 

tion genetic heterogeneity among potato species representing 

four different breeding systems: self-incompatible outcrosser 

jam,  self-compatible diploid ver, self-compatible disomic poly- 

ploid S. fend/er / ( fen) ,  and tetrasomic teffaploid S. sucrense 

(scr) with RAPDs. The objective was to measure GH and its 

variability among species, and to examine the potential impact 

on potato germplasm conservation and use. 

MATERIALS AND METHODS 

Seven populations of jam,  eight populations each of fen  

and scr, and nine of ver were used (Table 1). RAPD markers 

(number) polymorphic within each species were generated: 

j a m  (48), ver (41),fen (58), scr  (35), by the method described 

in del Rio et al. (1997a). Twenty-four individuals from each 

population were used. RAPD loci were classified according to 

the percent of banded plants (BP) in 10% increments: exactly 

0~ rounding to 10%, 20%, 30~ 40~ 50~ 60~ 70~ 80~ 90~ or 

exactly 100~ Genetic heterogeneity (GH) of a population was 

measured by averaging the theoretical proportion of heterozy- 

gons individuals at each locus (considering only loci polymor- 

phic within species). 

GH was calculated from the bandless allele frequencies 

assuming unlinked diallelic RAPD loci. For example, for 

diploids, consider the two possible alleles for any given RAPD 

locus: (B) the band, and (b) the blank, having frequencies B 

and b, respectively. Now b is the square root of the blank-plant 

(bb) frequency, and B is 1-b. All plants not homozygons (BB) 

or (bb) are heterozygotes. Thus GH, the frequency of het- 

erozygotes is 1-(b 2 + t72). This calculation, which assumes equl- 
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TABLE 1--Est imated genetic heterogeneity, GH (proportion of  heterozygous 

individuals).  

s. fendleri S. jamesii S. sucrense S. verrucosum 
PI GH PI GH PI GH PI GH 

275157 13.1" 275169 36.8* 473506 38.0* 161173 9.0* 
275160 6.3 458423 29.9 473532 33.6* 275256 2.1" 
275161 5.1" 458424 26.6 498286 47.4 275258 7.4 
275163 6.9 458425 27.1 498300 49.3 275260 7.9 
564028 6.6 458426 32.0 498301 55.8* 310966 5.6 
564031 10.5" 458427 32.0 498302 49.3* 365404 3.0 
564039 3.9* 564074 21.6" 498306 43.5 558483 4.9 
564040 4.1" 6798 35.8 558485 7.2 

570643 6.5 

average 7.1 29.4 44.1 6.0 
95% colffidence 
interval 5.2-9.1 25.7-33.3 39.448.8 4.0-8.2 

GH values with "*" are outside of the 95% confidence interval for the species mean. 

librium, is valid regardless of the species' reputed breeding 

system in nature, since all populations at the US Potato 

Genebank (including those tested here) have been sexually 

propagated by at least two generations of random intermating. 

Heterogeneity's important impact is sample variation. If 

one knows the BP frequency, random bulk sample variation 

can be calculated. An easily grasped standard for measuring 

the effects of sample variation is to calculate the apparent sim- 

ilarity of random duplicate samples from a single population, 

i.e., a comparison for which the true genetic similarity (GS) is 

100~ ff duplicate samples from a single population have a rel- 

atively low GS, resolution of the true relationships of different 

populations will be difficult. This approach is completely anal- 

ogous to the measurement and control (minimization) of 

experimental error in basic parametric statistics in order to 

quantify the significance of the differences between means. 

We therefore asked the question: What would be the apparent 

average GS of an infinite number of random pairs of samples 

composed of different sized bulks taken from populations of 

the same species (actual GS = 100%)? 

To answer this question we used the BP frequency at each 

locus of each population to calculate the expected frequency 

of banded samples when bulking DNA from one to 30 random 

plants. From this we calculated the probability of random sam- 

ples matching at each locus (i.e., the apparent GS for that single 

locus), averaged the expected GS of all loci within a species, 

and graphed against bulk sample size. This can be illustrated 

with familiar probability problems involving the flipping of 

coins. Let all coins be identical, with heads (H) and tails (T) 

frequency both at 50~ representing 

RAPD band and blank frequencies, 

respectively. Two coins flipped in an 

infinite munber of paired trials have a 

matching frequency (apparent GS) of 

exactly 50~ ('/4 HH + 1/4 33~), even 

though the coins are identical (have 

an actual GS of 100~ If one com- 

poses paired trials of bulk samples 

(more than one coin), heads is 

recorded as present if at least one 

coin comes up heads in the sample. 

This corresponds to RAPDs in which 

the band is detected if it is present in 

at least one plant of the bulk. So, for 

example, if one flipped two coins at a 

time, recorded the results, and then flipped the two coins 

again, heads would be present three-quarters of the time and 

absent one-quarter of the time. Thus, the apparent GS of dupli- 

cate samples of size 2 is (3/42 HH + 1//42 r l ~  -- 62.5%. This is like 

bulking the DNA of two plants from a single population into 

one sample, recording the band status, repeating the process 

again, and comparing the results. Bulking more plants or coins 

obviously results in apparent GS closer to the actual 100~ 

while increased replication does not. Unlike standard coins, 

band frequencies for polymorphic RAPD loci are not all 50~ 

But similar calculations can be made for BP value at a given 

locus and averaged for all loci in a population for any proposed 

bulk sample size. 

A second, similar effect to examine would be that of bulk- 

ing hypothetical paired samples from different populations. 

There are several assumptions one might use to model such 

comparisons, but we chose to consider only those loci within 

a species subject to sample variation, namely, only unfixed 

loci. When such loci are in common between species (i.e., rep- 

resent the same band), the observed GS may appear to be less 

than the actual 100~ Since different populations are being 

compared, common polymorphic loci may have different BP 

frequencies. Returning to the coin illustration, the problem 

now becomes flipping duplicate bulks of two types of coins 

(with different head frequencies). For example, flipping a sin- 

gle 10% heads coin and then a 90~ heads coin would result in 

matching (GS) of only (9~ HH + 9~ TT) = 18%. Now a bulk of 

two coins with 10~ heads contains at least one heads 19~ of 

the time, and a bulk of two 90% heads contains at least one 
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FIGURE 1. 
Apparent GS of  unfixed loci  in common be tween  two hypothet-  
ical  populations with very  different BP frequency distributions.  

FIGURE 3. 
S o l a n u m j a m e s i i  band frequency distributions.  

FIGURE 2. 
Solanumfend ler i  band frequency distributions. 

head 99~ of the time. If an infinite number of such two-coin 

bulk samples were examined in paired trials, the apparent 

average GS would be the percentage of matches: when heads 

was present in both samples (0.99 x 0.19) = 19~ plus when 

heads was absent from both samples (0.01 x 0.81) -- 1%, for a 

total of -- 20~ GS for larger bulk samples can be calculated in 

the same way. If two populations tended to have mostly 

extreme BP frequencies (far from 50~ of both types (e.g., 

either 10~ or 90O/5), three different types of GS have to be aver- 

aged, namely, when the loci in common are, by chance, 90~ in 

both populations, 10% in both populations, or 10~ in one pop- 

ulation and 90OA in the other. Figure 1 presents a graph of the 

expected GS of common polymorphic loci for two hypothetical 

populations of this ldnd when compared as paired random bulk 

FIGURE 4. 
Solanum sucrense  band frequency distributions. 

samples of various sizes. The graph also includes, for compari- 

son, the expected GS of common loci of two populations that 

both have all common polymorphic loci at BP frequency of 50~ 

The effect of potentially different BP frequency distribu- 

tious on GS was examined with respect to the empirical 

species data. To do so, we determined the average BP fre- 

quency distribution of unfixed loci for each species (nine 

classes rounding to 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, and 0.9), 

and then calculated the frequency of all possible random pair- 

wise combinations of these BP among species, assuming any 

such combinations of BP frequencies could represent loci in 

common between the species. We then calculated the weighted 

average expected GS of all these loci according to the proba- 

bility formula explained above. 
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loci are compared, selfing species compared to each other will 

appear to be most different, then comparisons of selfers to out- 

crossers, and fmally comparisons of outcrossers to each other. 

These difference in apparent GS among breeding types is max- 

imum when bulk sample size is around five plants and 

approaches zero for bulks of 25 to 30 plants (Figure 7). 

DISCUSSION 

FIGURE 5. 
S o l a n u m  v e r r u c o s u m  band frequency distributions. 

Because the average distribution of BP frequency of loci 

was similar for inbreds (fen and vet) and for outcrossers (jam 

and scr), the comparisons were combined to present only the 

expected GS when comparing unfixed loci of selfers to each 

other, outcrossers to each other, and selfers to outcrossers. 

These three expected GS levels were graphed against bulk 

sample size. All of the above calculations were done using 

Microsoft Excel | . 

RESULTS 

The distribution of band frequencies (grouped in classes 

from 0.0 to 1.0) and the species average are presented in Fig- 

ures 2-5. Table 1 presents the average (ungrouped) GH for 

polymorphic bands within each species. Jam and scr had 

much higher GH at 29% and 44%, respectively, than fen and ver. 

All species differences in GH were highly significant except 

between fen and vet, the most homogeneous species with 

average GH of only 6%-7%. Calculations based on differences 

in band frequency distributions among species demonstrated 

that the apparent GS of samples from the same population do 

not approach 100~ unless bulk samples contain 25 to 30 ran- 

dom plants. As expected, larger sample size is most important 

for promoting adequate parity of duplicate samples of the 

more heterogeneous species (Figure 6). 

Similarly, calculations of the expected apparent GS for 

hypothetical unfixed loci two species have in common (i.e., 

with actual GS = 100OA) exhibited differences in GS depending 

on heterogeneity of species compared. Specifically, when such 

RAPD variation observed was found to be in harmony 

with expectations based on the breeding systems and ploidies 

of the species tested. As noted, selfing species, both diploid 

ver and disomic tetraploidfen, would be expected to be more 

uniform, having most of their loci fLxed in the banded or band- 

less state. 

GH represents the estimated proportion of heterozygotes 

assuming the BP frequencies observed reflect random mating 

equilibrium, and recognizing that RAPD band "alleles" are 

detected as though they were genetically dominant. Thus, GH 

increases with increasing BP frequency until BP is nearly 100~ 

because most of the plants showing the band at such frequen- 

cies are expected to be heterozygons. In tetrasomic tetraploids 

like scr, homozygotes are particularly rare, so polymorphic 

loci make a greater contribution to average GH than they do 

for diploids. The basis of the GH values given in Table 1 are 

illustrated in Figures 2-5, where outcrossersjam and scr have 

much greater proportions of unfixed loci, particularly ones 

with high BP frequencies. So high BP frequency at a locus indi- 

cates a high proportion of heterozygotes and similar propor- 

tion of the band and blank alleles. In contrast, loci with low BP 

frequencies would represent bands that are at low frequency in 

the population, i.e., relatively rare. Note from Figures 2-5 that 

there are relatively few such loci in any of the species tested. 

The outcrossing diploid jam,  at 29.4%, had greater aver- 

age GH than the selfers. The even higher GH of the tetrasomic 

tetraploid scr, at 44.1%, also fits with the fact that this species 

carries up to four different genetic alleles per locus. Assume, 

for example, that RAPDs only detect one polymorphism per 

locus. There are a maximum of four different bands (and asso- 

ciated blanks) that could be amplified at any given locus for a 

tetraploid, but only two for a diploid. 

All species contained populations that had GH means 

outside the 95% confidence interval for random samples from 

a distribution with the species mean (Table 1). This means that 

populations within species have significant differences in het- 
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FIGURE 6. 
Apparent GS of  two random samples from the same population 
(al l  loci). 
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FIGURE 7. 
Apparent GS of hypothetical  unfixed loci in common between 
two populations with the BP frequency distributions observed 
in different species. 

erogeneity. GH variation among populations increased with 

the mean GH for the species. This is to be expected for two 

reasons. The nature of the binomial distribution is such that 

random samples from populations with GH approaching zero 

will be more uniform than those where GH is closer to 50%. 

Another more mechanistic reason is that inbred populations in 

nature are expected to be subject to more pressure to homog- 

enize since all recessive alleles are exposed to natural selec- 

tion. For the same reason, typical germplasm collection at a 

specific time in the season is more likely to result in a homo- 

geneous sample (e.g., only genetically similar plants will be 

fruiting at the same time), and chance unrepresentative sam- 

pling during reproduction in the genebank (Widrlechner et al. 

1989) is more likely to result in homogenizing drift. 

As for most crops, in situ genetic diversity for potato is 

much greater than that which we can hope to capture in a 

genebank with limited resources. So maximizing genebank 

diversity depends on the best sampling and allocation of effort. 

These results suggest that breeding system predicts the allele 

density of populations. Thus, homogeneous inbred popula- 

tions contain less diversity, and a few plants are likely to sam- 

ple a large proportion of the population's total diversity. A way 

to quantify this is to calculate the expected genetic similarity 

(GS) of random samples from a single population. Figure 6 

illustrates how great an impact heterogeneity and small sam- 

ple numbers can have on RAPD sample variation. The theoret- 

ical estimate suggesting that 25 to 30 plants must be bulked to 

achieve 99.5% similarity of duplicate samples for most potato 

species has been validated empirically (e.g., Bamberg et al. 

2001). 

Figure 6 illustrates several useful approximations with 

respect to sample size. It is apparent that examination of only 

three or four plants would likely give a poor representation of 

outcrossers, but a quite adequate one of selfers. If one wanted 

as much sample parity as practical, it can be seen that with a 

bulk containing 25 to 30 plants GS is nearly 100% for all 

species, and adding more plants results in diminished gains in 

GS. Since RAPD bands appear to be dominant, the generaliza- 

tions made above based on the detection of one banded plant 

in a bulk DNA sample parallel, for example, the expectations 

for finding a single gene or trait in at least one plant of the 

given sample size. 

Collecting strategies may also be influenced by GH. 

Patterns of diversity in the wild are expected to be more influ- 

enced by (and thus correlated with) variation in eco-geographic 

parameters since all recessive alleles are exposed to selection 

pressures. Thus, for inbreds, it may be easier to identify loca- 

tions or environments where further collecting would most 

likely result in the capture of diversity not already in the 

genebank (del Rio et al. 2001; del Rio and Bamberg 2004). Also, 

since sellers contain fewer alleles per population, collection 

and preservation of more populations of such species may be 

prudent. 

Taxonomic characterization that compares populations 

and species will also be affected by the interaction of GH and 

sample size. For example, sewing species (with lower GH) 
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have  abou t  four  t imes  as m a n y  fixed loci as  do outcrossers .  

These  fLxed loci con t r ibu te  to  lower  sample  var ia t ion  and  bet-  

t e r  resolu t ion  of  t rue  d i f ferences  be t w een  selfers. Bu t  poly- 

morph ic  loci actual ly in c o m m o n  be t w een  selfing spec ies  also 

m a k e  t h e m  appea r  artificially more  distinct,  especial ly w h e n  

smal l  samples  are used. This is because  se l lers  t end  to  have  a 

h igher  p ropor t ion  of  po lymorph ic  loci tha t  are  a lmos t  f i x e d - -  

e.g., no t  a round  50%, bu t  e i the r  10% or 90%. The low (e.g. 10%) 

BP loci par t icular ly  con t r ibu te  to  an  e r roneous  low appa ren t  

GS in selfers, as  s h o w n  in Figure 7 (empir ical  data)  and  Figure 

1 (hypothet ica l  model) .  Bo th  of  these  artificial con t r ibu t ions  to  

b reed ing  sys tem d e p e n d e n t  dispari t ies  in appa ren t  GS disap- 

p e a r  w h e n  bulks  of  25 to 30 p lan t s  are used, a t  wh ich  po in t  GS 

app roaches  the  t rue  value  of  100% for all species  (Figure 7). 

A ge rmplasm m a n a g e m e n t  s t rategy t ha t  a s s umes  more  

h o m o g e n e o u s  inbred  popula t ions  can  be  r ep r e s en t ed  by  fewer  

individuals  has  one  caveat.  Those  few low-frequency segregat-  

ing alleles would  b e  par t icular ly  vulnerable  to  loss f rom drift  

or  selection. However,  severa l  fac tors  mit igate  such  losses  in 

sellers.  One already m e n t i o n e d  is tha t  po ta to  g e n e b a n k s  tha t  

do h a n d  pol l inat ions  for  seed  increase  in tent ional ly  in t e rmate  

r a the r  than  self  p lan t s  of  all species,  thus  increas ing  the  parti-  

t ioning of allelic diversi ty within,  r a the r  t h a n  a m o n g  plants .  

And, as  a lready noted,  the  relatively low occu r r ence  of  loci 

wi th  low BP f requency indica tes  tha t  rare, vu lnerab le  b a n d s  

are uncommon .  Also, main ta in ing  the  diversi ty for  par t icu lar  

alleles in par t icular  inb red  popula t ions  may  no t  be  impor t an t  

if b o t h  alleles are a l ready fLxed in o ther  popu la t ions  in  the  

genebank ,  as some  empir ical  ev idence  has  sugges ted  (Bam- 

berg  and  del Rio 2003). 
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